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THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To 
improve the crystal property of a 
gallium-nitride-based compound 
semiconductor growing on a buffer 
layer at a high yield rate, by 
constituting a buffer layer on the 
side of a substrate in the two or 
more layers with GaAIN, and 
constituting the butter layer on the 
side of a GaN-based compound 
semiconductor layer by InGaN in the 
laminated structure. 
SOLUTION; On a substrate 11 r 
GaXAM-x (0<x<1) as a first buffer 
layer 12 and InyGa1-yN (O^y^D as 
a second buffer layer 13 thereon are 
laminated. A gallium-nitride-based 
compound semiconductor crystal 14 
is grown thereon. The structure of 

an epitaxial wafer is formed in this way. After the growing nucleus is formed 
of the first buffer layer 12 by introducing the second buffer layer 13, the 
crystal defect present in the first buffer layer 12 can be embedded without 
drawing the growing surface at the layer, wherein the growing speed 
vertical to the growing direction of the thin-film crystal is relatively high. 
Therefore, the defect density of the gallium-nitride compound 
semiconductor or growing thereon can be decreased. 
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Ifi 2 IS &±<W n' 7 7 r ®<7) 3 *> . SflRffll *V <7 7rU 
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tit G a N %i t&®W$ffl* y itU^-^m^OVt 

x-mitz^mmmmz t mzmm* fotz^x 
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&*ffi&thi><r>X'bi>. 

[0008] 

immzmmt&tzitxrfrm ttz^^GsiNmt 
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COO 1 23 fl&B <ffj6 0(rC> T?lS«§-fr4GaNA 
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In, Ga,., N«rffl^4*£TI4. JKJSWflfcgllKr 
#rtJ*>tf*att*«G a N x 0 t tfXHttSft* . 
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C 0 0 1 6 3 Ja±<Gi 4fc*>fc. -9-7 

r>f TS«±(C6 0 0'CX'#}5 0 nm^L^GaNiO 
^l<7)A'.y7rcOE±^IS2<7)A*.y7rli: LT I n y 
Ga,. y NWI nffl^ySrS!'fl:§^m2^A'.y7Tj- 
-en-?^2 0nm^4J:3(2B)t^$Hi-T*^, 
<0±tCl 1 0 0*Ct'GaNxt^^^;HS:4/xnt7) 

mX'fSL%Ztt*ti?ti<0tgmt:imKOHX-y+y 
l&ZblzXiXimit:. ZZX'litnmxvrv 

■y b®mtn&. x-yf-e-y h«f*<i«SA^PB^?5st 
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■t4 4: . »7x-M^ffifliHI^ 0 , t «y h^SrSti.!, 
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1:4 5*^rytxT^X(c}o^TTMG ( h U^/P 
tf'J^-M #7.£3. 7xiO-5W^'4Mt. 
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^^TMI^il. 5X10" 4 WK'1 
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G a NA' 7 7 T®tfWf8X%tz. ZMzmntfZtefill 

tctf^*??4 2<F>im*fm,n4 i^mxi o 
oorsfc?±#$-£i». 

• &m*t4 7^iaK*i i o 2 o*c4 -c±#LJta. # 

TMG#X£ 1.4X1 0- 4 */U/#?)aft-e6 0#IS 
flH&l/C, GaNxh-^^^;l//i^2. 0xzm<7)J^/i 
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t^3ft7j S^IS 1 <OJtiE0l|c7)G a N T1# 1 0 8 / c 

k3&<*)*»«. !«3ft^a*JiVmitf0JtWJ^Ga 
NtctJV^TJi, '7x-y^^^aK^*^^ > |,gSov^TL 

ti^xn. mm&ttfrb-rii&zkizx&k&hti 
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(i . SfiTttttO»g^ftll L/i i: £ h , 4. 5Vco€ 
E£TX\ 2 0mA«HS*m> itBBHRLrv^Ci: 
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2 3 0 m?b o tzfi\ 5 0 0 0 MffflcrmftZ 
7jkUcm?lt2 1 2fliT*S,0, ^m^m^m^ 

V, 2 0mAX'g.&t,ZXm%$miX^tz1)K 50 00 
HSISlOyf ffefcftoSH^-f 2 <IT*J> o £ Z t iZ&KX 

mmmmmv&X'Ztz. 

[0035] Z<?>£ 0 lZ*mW&mi,Zj:tltf. 

m>-h^^zt. %$timmMzm_tz-£&zttfX' 
sic vzc-jsmftx'n$&mi>m%nwitf 
^ti-r. m?<omt ztizjz* 
ix^hzth ®&Hzm#) btitz. 
[0036] {m3<r>mmmm) m i «hiic*l 

tz®%G a N*^T'# £^£18 WC . iJW) J: 9 £U 
Ktf>«**fr o fc. 8 1 OHJMtlSflJO 

SSl<0A'.y7rWIM*^» 2 

w<v 7 TmwtfLgmmtx*® 

i tmz. © *>ttfcAfc«;8t$*a»ofcTM i frausg 

aw-TMiii-cjRHbs*/!:. ao*>, HWfcjBiww 

£GaNrt>£>®Ol nGaN££ft^l>$#£f#OA*.y 
7rJBfcfflwt. *0±Kxbf*^;PGaNJB^iSfi 
Stffc. *ott*>l8ti, 0l;ta£2O&tft]|Mc£lK 

®$£3S 1 tyi v 7 r Mtm 2 OA y 7 r HtfttSi L"C 

[0037] (m4nmmm) %3<r)mm&Biz}$^ 
x, mi0)rtv7Tmttii2wi<>7Tmi:0)itan&F 

1 OA' -y 7 r JI JH 2 OA* •/ 7 r JBoHofili&$r»*-e 

mw-tz. hp*>. ^^irmisioA'^rJio© 

m«fi%it:mw<PX'. » i oa* 7 7 rioj&jtoft 
mast. ^ / v 7 jssshk:***-* ztiz 
£ix. s im&nm^f&ie>'U7Tm£. ntJLz 

S iftKi-ftajTSS-V^llOA'^TJiOJIfcA^O 
<WN)±ldWt* (mi * 7 r/f OfciSffOAfcS 
i*«^Lfc«W*»#r*£i:i:R«) rt(i. 



[0038] (SB5onsfio«) ss \<m2<rmm 

JWEfcOflUtOrt. ® 10A'y7T@5 0 2£GaA 1 

[0039] (#60>mi0m) zntx\ wktim 
Ttix^mtku— ftmizmmwixztitf. mz 

4 *- KOMftlgtco £ KWt* . ttA&AC 

jtar*4. 07 (a) ic, jfflm&tiftt. 

[0040] 1t7M*M4 5frbimZW&Ltcifit>% 

Rmm3 4fr45\zm*&mbL* ^-tr^4 2o± 

70^*U 2 0 OXJKJfirt J: a tMSLfc. OT> 5» 
W4 7W^#[;iaSk»t4. iOjfl^T'10^ 
*ftLT*»4)il«*6 0 0X;4T , Ttf, SKILfcfci* 
•CTMG7*>t-7^<0«|&tHIi6L, miOA' 7 7 
r®7 2i:LTGaNOj£^^4 0nmffo^. ^|#^ 
^TMISrJIJn^t&LTI nfflfifel 0%OI nGaNj 
m2OA'.y7 7®7 3i:L-t2 0nmj£&U:. TMG 
fcTMIOtt|&*fltjtU ias^ 1 2 o o-ctcg±#s 

[0041] KV>T» ^R-W&RLfe^^/r^fcTM 
GOttHimttU, iiS»c0nSGaN@7 4 5"4/i 
mJ&gU:, TMGt^5>^XOtt»SffihLJttt. 
?aJK5r8 0 0°C4T'Ttf, 3cJ&Lt*^TMGt TM I 
Srtt^L, I nGaNO*Mt^#F«SttJi7 5tft!J« 

uc. tmg, tm i <r>mmff±-r&tmzmzm 

iMEtl20 0X:tRL, SSUwFrt'TMAi: 
Cp 2 MgSr^LTT^i'^AttcOpSGa 1 N 
if 7 6 5:0. 7/<m«*$-frfc. TMAO^S-±OT 
paGaNJB7 7jSftU;tt. tt^-C, Cp 2 Mg«i 
»*«SDUTf-044v^*S/«7A#JiaSjDOp* MG 
aN®7 8iSr0. 1 mjftftS-tirfe. *0&. TMGfc 
Cp 2 Mg<ofit*&S:^±L, S?iSI«Mft3'f/M6'\<0 
jim£#jt Ufe . iflJK^ 8 0 0 *C & X'Ttfi tzbZ^X' 

7y*-T<r>m*®±ltz. 

[0042] C:O^X-y\(i s p* SGaN1780ft 

mm * i*» «t Lfc#, tx^e^ 

^»^CJ: iXm%ltZ®$kffifrh nlG a Nil 7 
4 4T*OSg|gSra{;LTX-y^y^ft ; Sr^SgL, 
;uv^7 i-fflv^SJEtt-f jf>x -y f-y^tc J; 

-AO— SSS-nMGaN®7 4 4Tli-5^ (ffl7 
(b) ) . 

[0043] VWUmmi ( c ) SrfflV^TRifltft. 
&fcnUfflOTi fcA lc0^7 9S-||JtUc, p* S 
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GaNJI7 8±f)S i0 2 9 ^WC^mX^ 
L, nSGaN!7 4±<7)H!rieTi fcA 1 fcO£&<9± 
£Si0 2 ^X^fcflltTfr&Ti i:PtfcAu£>mi 
8Bt8 0£88gLT, Si0 2 VX^S-JR 01^1^8 

0 0*CT 1 0 ft a £ fc ? n 

[0044] liLh^J: 3 Lfc^ttJBiaH^K 
ffi^m^ JMrriOft U:i:£*. #JS&fc:lftfHI 0 <o 

<*>, §%3fe&l^£-?fi4 2 0nmT'*>D, 20mAf 
a«r«£tWfc2. OVfcv^flSv>«flE?JI<, 4fc, » 
3l^*fcm»ttFJWS"C13. 4%t^«CSv^fc 
**SWR"CS>t. 4 0mACt. £*>«#*W *-Ktf* 
*K8liffo3tfc £*>, 1 0 0 0B#^5§^ct)^$(J 

1 %wtt-*> o , mmtmzfrwxx ^izt tmm 
[ o o 4 5 ] ( » 7 ontti&jB ) £*u x'nmwmmv 

TIJMflLT*fca*. 6H-SiCffljW>SiflSfc 

•^rlcOiffiBJcxSr-fe'alCja^ttS, BP*>A 1 Ntofi^ 
##ft^lSlia*!*fctifc. fit Z<r)t& 
IS2WW7 7S£j&&$€l>w:ii&<, -fi, 1 3 
0 0rttj££Tiajg£±#3-tf\ #AfltOGaA 1 N£ 
-HMI»««*T *>*>IS 2 * 7 r 1 fcj&H-f !> £ fc 
fc**fWlWli£*jbftTv^. x#l 

2 ov \' / 7 r m k. 0Mfl.&bHr? i +#&$m#tij& \> » 
*^*>*0, ^(40 6H-SiCS«^fflv>a*|^iz(i 

[0046] (S8<9Xlfe$JB) fcfc. S&ttttfc L 
■T. GaN£ffl^£i§£fcoVvtiJiBJft- 4. WGa 

ftot . iHteftG a NtiUBffi^i: tT 1 x 1 0 3 c m 

flfc»#<3ftffi«9.*>G a N SrfflVM>%&TftoT t . 
m 1 on'.y 7 r JI<9#£Ji3ia L< , SfU>6*)«tta 

coo47] ziitx-^Ktz & ti&tew&xm&mm l 
ftt^, AA$ff*o^i^6jii8astieBft£ie 

US. 

[0048] cnti, immewimm i < vmzti 
a^T&fe*sat3B»-ctt. psuftm. nam®** 



[0049] 

[lafficofs^iftBH] 

i®2 3 m iojti^fej:vt^M^»w-4fc«>«x 

[04 3mi *»^»4 vmmmz&b&^mfomw 

[05] m2<7)mmmmi>&*m#u-vm<7)m 

[®e\m2<r>mtmm l z^bh i ¥m^-^m^(r>m 
mn?>&**7F.-tmx\ ®5iz®<jMt:ismtiti 

[07 ] m*<r)$mmizfab&!mw&ty<{ h 

OSS!JSIS5r^-r0, 
[W^M] 

1 1. 2 i-m. 

12, 2 2-^lWN'- x 7rJlGa I Aj., N(0^x 
SI ) 

1 3-I2<0A' 7 7rlI n y Ga,., N ( 0<yS 
1) 

i4, 2 3-m#v*7J*& i mmik 

4 1. 50 U 7 1-t77>frl« 

4 2-^-tr^ 

4 3-RJ6WI 
4 4"«W 
4 5-^X#A1: 

4 6-iSifafc!llI|?ft3'f^ 

5 0 2, 7 2-mi^'.y7rlGaN 

503, 7 3-M2<r>'< -y 7 rJf I nG a N 

504, 74-nIGaN(3>'7 , ?Ml 
5 0 5-nSGaA IN (^77^)1 

506- nlGaN (^>f H) 1 

507- iStt® 

508 --pMGaN (Jf4 H) 1 
509-pMGaA 1 N (^^>y H) 1 



I 
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5 10, 6 1, 77-pgGaN* 
5 1 1-nlGaN (7o>y?) 1 
62, 78-p* iGaN <3V*?M 
7 5 - I n G a N £*fi?#F*S1$Ji 



76-plGaA 1 NJf 
7 9 -nMfllfiS 

so-pshm! 



[HI] 



[H2] 



Y///////X 



(0<y*i> 

-12*H<D*«v7**Ga«AUN 
(USX£1) 



11** 




■~?1*fi 



[B3] 



10 9 r 



10 7 



1(f 



10*. 



10 1 



ln r Gav-»N<D*£ 

• s 20nm 
» i 70nm 



/ 



/ 



aos 0.1 o.is 

W2«jf •v7r»ln,G(h ,N«D InBtf (y) 



0.2 




[05] 



2Z2ZZZZZZZZZ2-f 07 



,511 nQGaN* 
„510pbg&nai 

509PfiGoAINia 
5Q8PflGaN« 



3-506 nflGaNJI 
505 n&GaAINW 

504 n&tGaNS 
5Q3*2(Z»t*7:pJtfnGaN 
■j02*1<D><*?*JP|GaN 

M1*? 
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11 



s-sw 



Y//////A 



.62 P*SGaN« 
•61 pQGaNS 
•511 
510 



-506 



505 
504 

■503 
•302 
501 



[07 3 



.f / / S /J^ii^/, 
' / S S / E -71»:W7«lfi 



-76 P*HGaNil 
■77pSgbnS 

-76PBGBAIN1 
-75 InSaN^aa^Jff^ittJl 
--74PfflGaN« 

B2iD/<-/ JrHlnGaN 
JIGbN 



(a) 



.78 
+■77 
76 
i-75 



ESP 



(b) 
-ao 

3—78 
-77 

:-76 

^79 



T-72 



(c) 



^71 



